Introduction
Physical aggression behavior is one of the most common clinical manifestations in patients with schizophrenia. It can lead to awful clinical and social consequences. 1 A significant association was identified between physical aggression and a high risk of longer hospital stays and a criminal conviction. 2 In China, a large-scale review shows that the prevalence of schizophrenia was approximately 951 per 100,000. 3 The risk of aggression was ~20%-40% in Chinese patients with schizophrenia, and there is an urgent need to establish operational systems for preventing the aggression of these patients. 4 Functional magnetic resonance imaging (fMRI) is a functional neuroimaging procedure using MRI technique to evaluate neural activation by detecting the corresponding changes of blood flow. 5 This technology is based on the fact that brain blood flow and neuronal activity are linked. 6 When the hemodynamic response increases in an area, this area of the brain is being activated. 7 Blood-oxygen-level dependent (BOLD) contrast is a type of specialized scan adopted to map cerebral activity by submit your manuscript | www.dovepress.com
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Tang et al imaging the hemodynamic response associated with energy use by brain cells. 8 Previous studies were reported to describe the neural characteristics on the aggressive behavior using BOLD-fMRI. [9] [10] [11] [12] Human catechol-O-methyltransferase (COMT) gene is located on the long arm of chromosome 22 (22q 11.2). 13 It is one of the genes involved in the metabolism of dopamine and noradrenaline in the brain. 14 There is a common single nucleotide polymorphism containing a Val (valine) to Met (methionine) substitution at codon 158 of the COMT gene (rs4680). 15 COMT activity can be regulated by COMT gene polymorphism. 16 The Val allele at this locus results in inactive COMT gene expression, whereas the Met allele decreases the level of COMT gene activity. 17 In recent years, some studies show that the schizophrenia candidate gene COMT plays an important role in violent attacks. [18] [19] [20] [21] [22] There are a few Chinese-based researches investigating the role of fMRI [23] [24] [25] [26] [27] [28] [29] [30] [31] and COMT polymorphism rs4680 [32] [33] [34] [35] [36] [37] [38] [39] in schizophrenia with regard to aggressive behavior. However, the results of these studies were inconsistent and can be affected by the small sample sizes and the differences in sex, age, ethnicity, region, source of control, evaluation tool, and the study quality. Trying to clarify this issue, we provide a systematic review and a quantitative synthesis of data from different studies. To the best our knowledge, this is the first review and meta-analysis of the association between fMRI, COMT gene polymorphism rs4680, and violent behavior focused on Chinese population.
Methods
search strategy and inclusion criteria
A systematic literature retrieve was taken from PubMed, Medline, CNKI, and the Wanfang databases (up to October 1, 2016 ) to obtain all eligible BOLD-fMRI studies on the violent behavior in Chinese population by adopting the search strategy: ("BOLD" OR "functional magnetic resonance imaging") AND ("aggression" OR "violence" OR "impulsive" OR "attack"). The included publications meet the following criteria: 1) the studies on an assessment of the association between cerebral activity and aggression risk, 2) detailed information of the study is provided, 3) the experiments are based on Chinese population, and 4) the aggression behavior is defined as physical aggression against others or making threatening gestures before admission.
The following studies were excluded: 1) it is not an original investigation, for example, reviews and comments; 2) the report has insufficient data; and 3) the reported data are duplicated.
To perform the meta-analyses for the association between gene polymorphisms of COMT and susceptibility to violent behavior in patients with schizophrenia in Chinese population, a further systematic literature retrieve was taken from PubMed, Cochrane, Google Scholar, CNKI, and the Wanfang databases (up to March 1, 2016) to obtain all eligible studies by adopting the search strategy: ("COMT" OR "Catechol-Omethyltransferase") AND ("polymorphism" OR "allele" OR "mutation" OR "variants") AND ("risk" OR "susceptibility" OR "results") AND ("aggression" OR "violent" OR "attack"). The included publications meet the following criteria: 1) it is an assessment of the association between COMT gene polymorphisms and aggression susceptibility, 2) the experiments must be case-control study designed, 3) detailed genotype frequencies of the cases and controls are provided, and 4) the aggression behavior is defined as physical aggression against others or making threatening gestures before admission. The following studies were excluded: 1) the studies without case-control study design, for example, reviews, comments, and case-only study; 2) the studies with insufficient data; and 3) the reported data are duplicated.
Data extraction and quality assessment
The data were obtained and examined by two independent investigators. Any disagreement was discussed before a consensus was reached. The name of the first author, publication year, region of the studies, aggression evaluation tools, age, sex and ethnicity of cases, source of controls, and number of cases and controls were extracted from each study. For the fMRI studies, the diagnoses and study results were additionally reviewed. The quality of the case-control gene study was also scored by two independent investigators according to the Newcastle-Ottawa scale (NOS). 40 As a result, these studies can be divided into a very high quality group (score =9), and lower quality group (score ,9). Any disagreement was settled by discussions.
statistical analysis
The studies of fMRI are summarized in a table and used in this review. The meta-analyses of COMT studies were performed using the STATA 14.0 (Stata Corporation, College Station, TX, USA). The relationship between the COMT polymorphisms and the aggression behavior susceptibility was assessed by applying the pooled odds ratios (ORs) and 95% confidence intervals obtained by the chi-square test for the genotype distribution. A χ 2 -test-based Q statistic test was used to estimate the heterogeneity within the enrolled studies. If the Q-test (P.0.1) shows homogeneity across studies, the fixed effects model would be applied. 41 Otherwise, the random effects model would be selected. 42 In addition, the sources of heterogeneity were explored by the subgroups of age, sex, ethnicity, region, quality, evaluation tool, and source of control. Potential publication bias was evaluated by Begg's funnel plot.
Results
characteristics of the studies
As presented in Figure 1 , after a comprehensive literature retrieve from the databases, a total of 55 BOLD-fMRI studies on the brain activity of aggression were initially found. Following a scan of the abstracts, 38 irrelevant studies were excluded as they were non-fMRI studies, nonaggression studies, or reviews. Eight further articles were also excluded after reading the full article, as they were studies of magnetic resonance spectroscopy-fMRI, non-Chinese populations, or without eligible sample data. Finally, nine studies were enrolled in this review (Table 1) . Of these studies, six were conducted in the regions of Hunan, two in Shanghai, and one in Chongqing in China and all the study subjects were of the Han population. Among the nine studies of BOLD-fMRI, two dealt with adolescents and others with adults. Five studies were male based and the rest were mixed-gender based.
Different tools to diagnose the violent behavior are adopted, including the Modified Overt Aggression Scale (MOAS), 11-item Barratt's Impulsivity Scale, and Amold Scale. Figure 2 illustrates the studies of COMT gene polymorphism. Totally, 87 records were initially identified as eligible. Following the scan of the abstracts, 73 irrelevant studies were excluded as they were nonpolymorphism studies, non-casecontrol studies, or reviews. Six further articles were also excluded after reading the full article, for they were studies of other polymorphisms in COMT, the populations were non-Chinese, or without eligible samples data. Finally, eight publications containing 12 independent case-control studies with totally 826 cases and 1,201 controls were included in this meta-analysis. As shown in Table 2 , ethnicities are categorized as the Han (11 studies) and the Uigur (1 study). Of them, only one dealt with children and females, and all other studies dealt with adults and males. Two were populationbased, which means that the sources of control were healthy people. Others were hospital-based, meaning the controls were nonviolent patients with schizophrenia. The evaluation tools included the Overt Aggression Scale (OAS), MOAS, Achenbach Scale, and self-designed medical chart.
Results of the meta-analysis
As described in Table 3 , moderate heterogeneity was observed in the allele and dominant gene models (P=0.06, P=0.05, respectively). Random effects models were adapted Abbreviations: BIS-11, 11-item Barratt's Impulsivity Scale; BOLD, blood-oxygen-level dependent; fMRI, functional magnetic resonance imaging; MOAS, Modified Overt aggression scale.
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recessive (Met/Met vs Met/Val+Val/Val)
There is a positive association between mutant type of COMT and the susceptibility to violent behavior (OR =1.16, P=0.408) in this model, although it was not statistically significant. No significant result was observed in any of these subgroups by sex, age, ethnicity, region, source of control, evaluation tool, and study quality either. However, the P-value of the statistical test of high quality studies was very close to the borderline and it showed a strong association between COMT polymorphism rs4680 and aggression in this recessive gene model (OR =2.10, P=0.064).
Quality assessment and publication bias
The quality assessment of the included gene studies is summarized in Table 4 . Totally, five publications with very good quality (NOS =9), two with good quality (NOS =8), and five with lower quality (NOS =7, 6) were assessed. All were qualified to be included in this analysis, suggesting the reliability of this analysis. The Begg's funnel plot presented a symmetrical and funnel-like distribution of the dots in the diagram, indicating that the publication bias risk was low in this analysis (Met vs Val, Figure 3 ). 
Discussion
In the meta-analysis, although no significant result was observed in the overall estimation of all three models, moderate heterogeneity was found in the allele and dominant gene models. Subgroup analysis was conducted to identify the sources of heterogeneity and to avoid the bias produced by the overall estimation. The source of control, evaluation tool, and study quality were considered to be the main factors that caused heterogeneity in this meta-analysis. The studies using population-based control, self-designed evaluation tool, and low quality method showed a negative association between the target polymorphism and aggression. Contrarily, positive results were observed in the hospital-based, standard tool applied, and good quality studies that were more reliable to draw conclusions. To confirm this deduction, three gene models including allele, dominant, and recessive models were compared in the subgroup analysis by study quality referred to NOS. It was found that all the studies with very high quality (NOS =9) showed an increased susceptibility to violent behavior with the mutant type COMT gene polymorphism rs4680 Met. By combining these evidences, it seems that this polymorphism is more likely to increase the aggression risk in patients with schizophrenia by the recessive model (Met/Met vs Met/Val + Val/Val, OR =2.10) as the ORs were higher than those of the other two models. However, all the results from the three models could not reach a statistically significant level (P.0.05). Multiple factors responsible for these results might be considered: the limited sample size and number of enrolled studies. This conclusion is consistent with a recent meta-analysis of this same topic in Caucasian population by Bhakta et al. 43 From the results of the BOLD-fMRI studies on violent behaviors, it is shown that an increased cerebral activity was observed in the superior frontal gyrus, right superior temporal gyrus, left temporal lobe, insula lobe, cingulate gyrus, parahippocampal gyrus, thalamus, and brainstem, whereas a decreased cerebral activity was in the prefrontal lobe, temporal lobe, frontal gyrus, right middle occipital gyrus, lingual gyrus, prefrontal-temporal-limbic circuits, and pons (Table 5) . Despite some exceptions, these results suggest that the aggression behavior is identified by positive BOLD-fMRI values in the lower central neural system (CNS) and negative values in the high-level CNS. Previous studies have shown that fMRI values were depend on the COMT polymorphism rs4680 in noise characteristics, working memory and plan, 
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Tang et al abstinence challenge, pain stimulation, and Parkinson's disease. [44] [45] [46] [47] [48] Considering the results mentioned earlier that the COMT rs4680 polymorphism increases aggression risk in patients with schizophrenia by the recessive model and the BOLD-fMRI is able to identify the aggression behavior risk by measuring the cerebral activity in the high-level and low-level CNS, it seems reasonable to combine both the methods to increase the predictive value of the risk of aggression behavior with respect to specificity and sensitivity. Certainly, a well-designed study is needed to elaborate the relationship between fMRI and COMT polymorphism rs4680 and their combined predictive value in aggression risk in patients with schizophrenia.
Despite the systematic review and meta-analysis have several advantages in some aspects, the limitations are to be mentioned. 1) As the number of fMRI studies was so limited, we can only conduct a qualitative review rather than a quantitative analysis. The conclusion of this review needs to be carefully interpreted. 2) In terms of the COMT studies, we failed to analyze the gene-environmental effects since the susceptibility to physical aggression may be influenced by interactions between individual genes and environment.
3) The possible influence of some clinical variables on the association of fMRI values or COMT polymorphism with aggression in patients with schizophrenia were not considered, such as antipsychotic treatment, duration of illness, the sampling effect in different stages of disease progression, and comorbid with substance abuse including smoking or alcohol drinking. Further high-quality and larger samplesized studies are required to confirm the conclusion of this review and meta-analysis.
In conclusion, our review and meta-analysis indicate that there is a relationship among violent behavior in patients with schizophrenia, positive BOLD-fMRI values in the lower CNS and negative values in the high-level CNS, as well as a recessive gene model in COMT polymorphism rs4680.
Hence, a combined test of fMRI and COMT gene might increase the predictive value and furthermore, help develop informative strategies for preventing aggression in patients with schizophrenia. Prefrontal-temporal-limbic circuits (−) Zhou et al 25 
2012
Prefrontal lobe (−) temporal lobe (−); cingulate gyrus (+) brain stem (+) Wang 26 
2013
Prefrontal lobe (−) lei et al 28 
2014
Pons ( 
